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The study of electron transport in low-dimensional systems is of importance, not only from a
fundamental point of view, but also for future electronic and spintronic devices. In this context het-
erostructures containing a two-dimensional electron gas (2DEG) are a key technology. In particular
GaAs/AlGaAs heterostructures, with a 2DEG at typically 100 nm below the surface, are widely
studied. In order to explore electron transport in such systems, low-resistance ohmic contacts are
required that connect the 2DEG to macroscopic measurement leads at the surface. Here we report
on designing and measuring a dedicated device for unraveling the various resistance contributions in
such contacts, which include pristine 2DEG series resistance, the 2DEG resistance under a contact,
the contact resistance itself, and the influence of pressing a bonding wire onto a contact. We also
report here a robust recipe for contacts with very low resistance, with values that do not change
significantly for annealing times between 20 and 350 sec, hence providing the flexibility to use this
method for materials with different 2DEG depths. The type of heating used for annealing is found
to strongly influence the annealing process and hence the quality of the resulting contacts.
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1. INTRODUCTION
The two-dimensional electron gas (2DEG) is of inter-
est for the study of low-dimensional systems, and high-
mobility 2DEGs can be realized in epitaxially grown
GaAs/AlxGa1−xAs heterostructures1,2. For performing
electrical transport experiments on these systems ohmic
contacts to the 2DEG are very important, and these can
be realized by annealing samples after a metal alloy has
been deposited on the surface at the intended contact
areas. Commonly, an alloy consisting of AuGe/Ni/Au
is used3. The annealing times and temperatures that
give the lowest contact-resistance values are different for
different 2DEG depths. In our previous work4,5 we op-
timized such a recipe for annealing in a glass-tube oven.
For the study presented here, we used different anneal-
ing conditions, namely annealing in a Rapid Thermal
Annealer (RTA). Surprisingly, annealing with the RTA
gives much lower contact-resistance values with similar
values for a very wide range of annealing times. These
results are attributed to the exact heating profile as a
function of time during annealing, and the process that
we followed for cleaning the samples. We already applied
our recipes for ohmic contacts in our studies of quantum
point contacts in a 2DEG6,7.
The AuGe/Ni/Au material was first used by Braslau
et al.8 to make an ohmic contact to n-GaAs in 1967.
Subsequent studies aimed at improving such contacts
∗javaid2k@gmail.com
and understanding the annealing mechanisms9–22. Later
on, with the increasing importance of the 2DEG in a
GaAs/AlxGa1−xAs heterostructure, research focussed on
making ohmic contacts to the buried 2DEG23–31. De-
spite these extensive studies, a model was missing that
could predict the optimal annealing times and tempera-
tures for different depths of the 2DEG. In our previous
work we developed such a model4,5. In order to under-
stand the annealing mechanism further, we studied the
contact-resistance values as a function of circumference
and area of the ohmic contacts. However, no clear depen-
dence on circumference or area was found4,5, in part be-
cause of lack of information on whether the 2DEG square
resistance under an ohmic contact changes during the an-
nealing with respect to the square resistance of pristine
2DEG. In addition, it was unknown whether pressing a
bonding wire on a contact influences the resistance, as it
can possibly rapture the ohmic contact layer over a signif-
icant area. Here we report on studying these questions.
We designed a dedicated device structure that allowed
us to study the contact resistance with various resistance
contributions in more detail, and with different measure-
ment methods (3-point measurement, 4-point measure-
ment and the Transmission Line Method (TLM)32,33).
All the results presented in this paper are from sam-
ples annealed in a rapid thermal annealer (RTA), un-
like our previous work where the hot gas flow in a glass-
tube furnace was used for annealing the samples. In the
present study we focused on changes in the mentioned
contact resistance contributions as a function of anneal-
ing time (at fixed annealing temperature and depth of
the 2DEG). However, the contact resistance values that
ar
X
iv
:1
40
7.
47
81
v1
  [
co
nd
-m
at.
me
s-h
all
]  
17
 Ju
l 2
01
4
2we found were, for all samples, so low that we could not
obtain sufficient measurement accuracy for determining
a dependence on annealing time for the square resistance
of 2DEG under an ohmic contact. Instead, the value of
these results is that we found a very robust recipe for
low contact-resistance values, with values that do not
change significantly for annealing times between 20 and
350 sec. This kind of robust recipe is useful for annealing
contacts on 2DEG materials with different 2DEG depths
where one would need a large margin for suitable an-
nealing times. Our results also show that the details of
how the sample is heated have a strong influence on the
annealing mechanism.
2. EXPERIMENTAL DETAILS
For the present study we used two different wafers, one
with the 2DEG at 60 nm depth (wafer I, purchased from
Sumitomo Electric Industries, Inc.) and one with the
2DEG at 180 nm depth (wafer II, grown by our team
in Bochum). Unless mentioned otherwise, we present re-
sults of devices that were fabricated with wafer I. The
study of devices from wafer II were less extensive but we
will mention the results that are relevant. All the mea-
surements were performed in a liquid helium vessel at
4.2 K.
Wafer I was a GaAs/Al0.27Ga0.73As heterostructure.
The layer sequence of the heterostructure was as fol-
lows (top to bottom): a 5 nm n-GaAs cap, 40 nm
Al0.27Ga0.73As n-doped with Si at 2.0 × 1018 cm−3, a
15 nm nominally intrinsic Al0.27Ga0.73As spacer layer,
and a 800 nm GaAs layer. The 2DEG is located at
the interface of the AlGaAs spacer layer and the next
GaAs layer. The 2DEG density and mobility at 4.2 K
were n2D = 3.30× 1015 m−2 and µ2D = 19.8 m2/Vs, re-
spectively. Wafer II was a similar GaAs/Al0.35Ga0.65As
heterostructure with the layer sequence (top to bot-
tom): a 5 nm n-GaAs cap, 70 nm Al0.35Ga0.65As, 70 nm
Al0.35Ga0.65As n-doped with Si at ∼ 1.0 × 1018 cm−3,
35 nm Al0.35Ga0.65As, and 650 nm GaAs. It had n2D =
1.93× 1015 m−2 and µ2D = 33.3 m2/Vs.
Several cleaning steps during ohmic contact fabrication
are very important for getting low-resistance ohmic con-
tacts. The cleaning process is done before starting the
ohmic contact fabrication. The samples are first cleaned
in acetone, and then in iso-propyl-alcohol, while keeping
the sample in an ultrasonic bath on a low power. The
samples are then visually inspected and only samples that
appear fully clean are used. We observed that contam-
inated samples show high resistance values and results
that cannot be reproduced.
The size of the ohmic contacts was 200 by 200 µm2
and they were patterned with electron-beam lithogra-
phy. For the ohmic contacts, layers of AuGe in eutectic-
composition (12 wt% Ge, 150 nm), Ni (30 nm) and Au
(20 nm) were deposited subsequently by electron-beam
evaporation. The contacts were annealed at 450 ◦C in
the rapid thermal annealer (RTA, model Jipelec Jet 150)
for various times. Annealing took place in a clean N2
flow (600 sccm) to avoid oxidation and material vapors
adhering back onto the sample. During annealing the
functional sample surface was directly facing the RTA
heating lamps.
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Figure 1: Temperature of a thermocouple in close contact
with the sample as a function of time during the annealing
process in the glass-tube furnace (a) and rapid thermal an-
nealer (RTA) (b).
The annealing temperature profiles for the glass-tube
oven (used in our previous work4) and the RTA are shown
in Fig. 1a,b. For the glass-tube oven, the sample is
brought into a pre-heated oven and the temperature rise
of the sample holder to the AuGe-eutectic temperature
(363◦C) takes a few minutes (not easily controllable). For
the RTA, on the other hand, the temperature ramp rate
can be controlled and the time for reaching the set tem-
perature was set at the much shorter (but for RTA heat-
ing typical) value of 5 sec. This is started with the sam-
ple already in the oven. The black and light gray lines in
Fig. 1b are for the set temperature and the actual tem-
perature as measured by the thermocouple attached to
the surface where sample is placed for annealing. All the
results presented in this paper are for samples annealed
in the RTA.
Inlet for N2 flow  
around the sample Thermocouple 
Halogen lamps 
Quartz window 
Exhaust for  
N2 flow 
Sample on  
Si base plate 
Reflector 
Figure 2: Simplified scheme of the RTA annealing chamber.
Fig. 2 shows a schematic of the RTA annealing cham-
ber. The heating sources are the halogen lamps that
transmit radiation through a quartz window above the
sample surface. The sample is placed on a Si base plate
and a thermocouple is attached to this plate for measur-
ing the annealing temperature during the process. The
flow of N2 gas is maintained during the entire annealing
process and cool down.
33. DEVICE DESIGN, MEASUREMENT
SCHEMES AND METHODS
Ohmic contact next to 2DEG channel  
Voltage probe 2DEG channel 
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Metal inter-connect 
Etched part 
Ohmic contact on top of 
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Figure 3: Optical microscope image of a device showing
etched mesa regions and deposited contacts. The shallow part
of the mesa is wet-etched at places where the design requires a
boundary to a 2DEG region. The ohmic contacts and metal
pads (all 200 by 200 µm2) are deposited and annealed on
2DEG and etched surface respectively so that the latter are
separated from the 2DEG.
Figure 4: Color scheme to highlight different parts of the de-
vice. The U-shaped blue part is a 200 µm wide 2DEG channel.
The red squares are ohmic contacts on top of the main 2DEG
channel and the yellow squares are ohmic contacts on the side
of the channel that only serve as voltage probes. The dark
blue squares are metal contact pads on etched wafer areas (all
contacts are 200 by 200 µm2).
We designed a dedicated device structure for being
able to study the different contact-resistance contribu-
tions with different measurement methods. An optical
image of a fabricated device is shown in Fig. 3. A 200 µm
wide 2DEG channel is defined (U-shaped) by wet etch-
ing such that a homogeneous current flow can be applied
through the defined strip. Different parts of the devices
are labeled. The ohmic contacts are realized on top of
the channel as well as on the sides of the channel. The
available distances Li (defined as in Fig. 5a) between the
contacts on top of the channel are 40, 260, 460, 660, and
860 µm. The effect of annealing times on the pristine
2DEG square resistance, and on the full contact resis-
tance and 2DEG square resistance under ohmic contacts
are determined using the ohmic contacts deposited on top
of the 2DEG channel. The ohmic contacts deposited on
the sides are connected to the 2DEG channel via narrow
2DEG strips (20 µm wide) and serve as voltage probes
(used when measuring the resistance of the contacts, the
resistance of pristine 2DEG and the resistance of 2DEG
under contacts). Metal pads and metal inter-connects
between pads are deposited on etched parts of the de-
vice. These metal pads are connected to the ohmic con-
tacts via metal inter-connects and used for measuring the
ohmic contact resistances without directly bonding on
the ohmic contacts themselves (the resistance contribu-
tions from metal pads and inter-connects are subtracted
in this case). By comparing values measured with this
bonding scheme to a subsequent measurement with bond-
ing directly on top of the ohmic contacts, the influence of
pressing a bonding wire on an ohmic contact can be de-
termined. The color scheme in Fig. 4 further illustrates
the various device parts more clearly. The long 2DEG
channel is shown with a light blue color. The ohmic con-
tacts are shown as crossed color squares, with contacts
on top of the 2DEG channel in red and side contacts in
yellow. The metal pads on etched regions are shown as
dark blue squares.
Fig. 5 and Fig. 6 show the various measurement
schemes that we applied in this study. We first explain
the Transmission Line Method (TLM) before explaining
the other measurement schemes. The TLM method32,33
is a very accurate method for measuring the values of
pristine 2DEG square resistance and ohmic-contact resis-
tance, and is widely used in research on ohmic contacts.
Fig. 5 shows how the TLM method works. The contacts
are made on a 2DEG strip with an increasing distance
between pairs of adjacent contacts (Fig. 5a). The width
of the contact and channel is labeled as W . For resistance
measurements a four point current-biased scheme is used
(Fig. 5a). This measurement is carried out for all the
consecutive contact pairs. Fig. 5b shows a schematic of a
side view on one of the contacts and the resistance con-
tributions that play a role. The resistance contributions
are Rp (probe resistance), Rpc (probe-to-contact resis-
tance), Rc (actual contact resistance between metal pad
on the surface and 2DEG) and Rch (2DEG resistance of
the channel between the contacts). Fig. 5c shows the cor-
responding circuit diagram for the complete four-probe
scheme. Since the probe (Rp) and the probe-to-contact
resistances (Rpc) are negligible as compared to the input
resistance of the voltmeter they can be neglected. The
total resistance measured between pairs of consecutive
contacts is then
Rtotal = 2Rc +Rch = V/I, (1)
The plot in Fig. 5d illustrates how to extract the con-
tact and 2DEG square resistance values from the TLM
data. The Rtotal values are plotted as a function of
the channel length. The resistance contribution Rch in-
creases linearly with increasing channel length and Rtotal
shows a linear dependence with an offset from zero that is
4equal to 2Rc. A linear fit to the data points can thus be
used to obtainRc. In addition, the slope of theRtotal pro-
vides an accurate measure for the square resistance R
of pristine 2DEG (2DEG between contacts). Using that
Rch = RLi/W this can be expressed as R = RcW/LT ,
where the transfer length LT is defined using the inter-
cept at zero resistance for the linear trend (see Fig. 5d).
Our experiment indeed only gave results with a linear
dependence of Rtotal on Li for Li = 260µm (no signifi-
cant deviations). While data for Li = 40 µm is candidate
for showing deviations from the linear trend (which can
give insight in the resistance distribution inside a con-
tact), this data was discarded for the TLM analysis since
it showed large fluctuations (because it is more sensitive
to the exact alignment of the contact edges).
We used an extended TLM scheme with first measure-
ments that used bonding on the metal side pads (not
shown in Fig. 5) and subsequently measurements that
used bonding directly on top of the ohmic contacts (as
in Fig. 5) to investigate the influence of pressing a bond-
ing wire on an ohmic contact. Column 6 and 7 in Table I
show the contact resistance values measured by the TLM
method with bonding wires on metal side pads and ohmic
contacts respectively. We observe here Rc values that are
significantly lower for the case with bonding directly on
the ohmic contacts. However, while TLM results give ac-
curate results for Rc, it is not possible to use it for mea-
suring the 2DEG resistance under an ohmic contact. It
also does not give information on where inside a contact
the contributions to contact resistance arise, while such
information is required for detailed understanding of the
annealing mechanism, and understanding the differences
between the results in column 6 and 7 in Table I.
We now discuss other measurement schemes that we
applied for determining the various resistance contribu-
tions. For a first round of measurements (this order
was carried out in parallel with the TLM measurements)
bonding wires were pressed on the side ohmic contacts.
Two ohmic contacts on top of the 2DEG channel are
used for injecting current into the channel (Fig. 6a,b).
The voltage drop across a known length of pristine 2DEG
channel or 2DEG under an ohmic contacts can then be
measured with the voltage probes. The measured values
R (square resistance of pristine 2DEG, no significant
deviations from the TLM values) and R,belowC (square
resistance of 2DEG below an ohmic contact) are shown
in column 2 and 3 of the Table I, respectively.
For a second round of measurements, two bonding
wires were pressed onto each metal side pad that con-
nects to the metal layer of an ohmic contact on top of
the channel (Fig. 6c). The resistance contributions from
the metal side pads and metal inter-connects (measured
on each sample, typically 10 Ω) were measured separately
and are subtracted. This measurement scheme directly
gives values for the total contact resistance of contacts,
which are denoted as Rc,3p−pad and are shown in col-
umn 4 of Table I.
A third round of measurements was carried out as in
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Figure 5: Transmission Line Method (TLM) measurement
scheme. (a) Ohmic contacts are made over the full width
of a 2DEG strip with increasing distance Li between adja-
cent contacts. A 4-point measurement is used for determin-
ing the resistance Rtotal for each segment. (b) A side view
on a contact showing the various resistance contributions (see
main text for details). (c) A circuit diagram for the 4-point
scheme with the resistance contributions from panel (b). (d)
A schematic plot of TLM measurement results (see main text
for details).
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Figure 6: Various measurement schemes illustrated with col-
ored contacts as in Fig. 4. (a) The scheme to measure the
pristine 2DEG resistance. (b) The scheme to measure the
2DEG resistance under an ohmic contact. (c) The 3-point
measurement scheme for measuring the resistance of an ohmic
contact without a bonding wire directly on top of the mea-
sured contact (circled in this case). The bonding wire is here
on a metal side pad that is connected to the surface metalliza-
tion of the measured ohmic contact via a narrow metal inter-
connect. (d) The 3-point measurement scheme for measuring
the resistance of an ohmic contact with bonding directly on
top of the measured contact.
Fig. 6d. This scheme gives directly a value for the to-
tal contact resistance of contacts with the bonding wires
pressed directly on top of the contact that is measured.
The results are denoted as Rc,3p−ohm and are shown in
5column 5 of Table I.
All the resistance values measured with various
schemes are thus collected in Table I for different anneal-
ing times. The reported values are average of (in most
cases) 5 contacts. The reported error margins for col-
umn 2 to 5 are the standard deviations of these results.
For column 6 and 7, the standard error values obtained
from fitting the linear trend are shown.
4. RESULTS AND DISCUSSIONS
1 2 3 4 5 6 7
tA(sec) R(Ω) R,belowC(Ω) Rc,3p−pad(Ω) Rc,3p−ohm(Ω) Rc,TLM−pad(Ω) Rc,TLM−ohm(Ω)
− Fig. 6a Fig. 6b Fig. 6c Fig. 6d Fig. 5 Fig. 5
20 19.91±1.07 2.25±1.18 8.60±0.75 4.49±0.36 9.18±4.5 0.41±3.4
50 19.61±1.56 3.00±0.30 5.29±1.19 4.00±0.28 6.28±2.86 1.24±1.13
100 19.50±0.60 3.17±1.55 9.04±0.62 4.47±0.45 9.77±0.80 2.38±0.41
350 20.77±0.39 3.78±0.38 7.76±1.02 4.44±0.37 not measured 2.30±0.30
Table I: The different resistance values for different annealing
times. Row 3 list the figures with the corresponding mea-
surement schemes. Column 2 and 3 are for the 2DEG square
resistance and 2DEG square resistance under the contacts,
respectively. Column 4 and 5 are for the contact resistance
measured by the 3-point method with the bonding wires on
side pads and the ohmic contacts, respectively. Column 6 and
7 report the contact resistance as determined with the TLM
method, with the bonding wires on side pads and the ohmic
contacts, respectively.
Table I thus lists all the measured resistance values
that were introduced. We used in total 4 bonding steps
on each device to perform the subsequent measurements
(in part because of a limited number of measurement
wires in the setup). The order of the measurements was
the following: (i) Column 2 and 3; (ii) Column 6; (iii)
Column 4; (iv) Column 5 and 7.
The 2DEG resistance under the ohmic contacts is by
about a factor 6 lower than the resistance of the pristine
2DEG (columns 2 and 3). This occurs for all annealing
times. A previous study on ohmic contacts by G. Sai Sar-
avanan et al.31 and our results4 show that upon annealing
Germanium diffuses from the surface towards 2DEG, and
this increases n-doping near the 2DEG. While this can
reduce the mobility in this region, the effective 2DEG
square resistance apparently decrease due to the higher
doping level. The resistance values are almost constant
for all the annealing times that we studied (20 to 350 sec).
This suggests that Ge diffuses to 2DEG region already
for short annealing times and that the Ge concentration
does not change significantly anymore for longer anneal-
ing times.
Columns 4 to 7 in Table I show the contact resis-
tance values as measured with different measurement
schemes. The results show significant differences, that
we can partly explain and which provide some insight in
the different contributions to the contact resistance. As
a starting point of the discussion we use the values in col-
umn 7, which is the TLM result for directly bonding on
1 2 3 4 5
tA (sec) Rc,TLM−ohm (Ω) R
′
c (Ωmm) Rc (Ωcm
2) ρbulk (Ωm)
20 0.41±3.4 0.082±0.68 1.64×10−4±1.36×10−3 0.27±2.26
50 1.24±1.13 0.248±0.226 4.96×10−4±4.52×10−4 0.83±0.75
100 2.38±0.41 0.476±0.82 9.52×10−4±1.64×10−4 1.59±0.27
350 2.30±0.30 0.46±0.06 9.2×10−4±1.2×10−4 1.53±0.2
Table II: The contact resistance values as measured by the
TLM method (column 7 in Table I) represented in various
forms. Column 2 shows the measured value of the contact
resistance. Columns 3, 4 and 5 show the same resistance val-
ues but converted to a value that is normalized to the contact
width (column 3), a value for the specific contact resistance
per contact area (column 4), and a bulk resistivity value for
the material in the volume between the surface metallization
and the 2DEG layer.
the ohmic contacts. This is the most unambiguous num-
ber for the contact resistance. Column 5 lists the con-
tact resistance values measured with the 3-point method
with bonding directly on the ohmic contact. Column 5
has values that are typically 3 Ω higher than the values
in column 7. This can be explained by the fact that the
result of column 5 contains a series resistance contribu-
tion from a 30 µm wide region of pristine 2DEG (from
the distance between the ohmic contact and the 2DEG
voltage probe, this 2DEG part is encircled in green in
Fig. 6d). The expected resistance contribution of this
part is indeed ∼ 3Ω (using R of column 2). This effect
was also used for correcting the values of R,belowC in
column 3.
Column 6 shows resistance values from the TLM
method with bonding on the side pad (note that 2 side
pads are involved) and these results are about 2 × 3 Ω
higher than the values in column 7. Similarly, the results
of column 4 (3-point, bonding on pad, note that only 1
side pad is involved) are about 1 × 3 Ω higher than the
values in column 5 (3-point, bonding on ohmic). Here
we must consider two possible explanations. The first is
that the act of pressing a bond wire on top of the ohmic
contact results in a lowering of the effective contact re-
sistance by about 3 Ω. The second possibility is that it
results from the fact that the metal side pads are only
connected to the surface metal of the ohmic-contact at
one narrow point. This can yield that on average the
spreading resistance inside the contact gives a contribu-
tion that is about 3 Ω higher for the cases with bonding
on the side pads. Given that all our measurement results
and the various contributions are on the scale of only a
few Ω, we can not distinguish these cases (we could rule
out that it was due to series resistance inside the metal
side pad and its inter-connect).
Our results do not allow for more detailed conclusions
on the various contributions to the contact resistance or
on the annealing mechanism. The reason is that the mea-
sured resistance values were all much lower than expected
(given our earlier work4) and that the results showed, sur-
prisingly, almost no dependence on the annealing time.
In addition, the possible effects of spreading resistance
6and small series-resistance contributions are all on the
scale of a few Ω, and these values are close to the total
contact resistance values and their statistical variation.
This rules out that further analysis of our present results
can give sufficient accuracy for answering the questions
that we aimed to study.
At the same time, it is an interesting result that we
find very low contact-resistance values, and that the val-
ues do almost not change when changing the annealing
time by a factor 18. In addition, these contact resistance
values rank among the lowest reported values26. Table II
provides different representations of the resistance values
that we obtained. These values are useful for a com-
parison to values in the literature where authors present
values of contact resistance in various ways. When com-
paring the literature one also needs to account for a de-
pendence on the depth of the 2DEG and the thickness
of the buffer layer. Our results on the wafer with the
2DEG at 180 nm depth (instead of 60 nm) show indeed
slightly higher values, with for Rc,3p−pad ≈ 15 Ω. Also
these samples showed almost no dependence on annealing
time (similar results for 30 sec and 550 sec).
We have at this stage little insight why the fabrication
method that we used gives such low contact-resistance
values, while also being very robust against a variation
in annealing time. We have some initial results that point
out that the variation of the heating profile as a function
of time during annealing is important. For the experi-
ments on the samples with the 2DEG at 180 nm depth
we compared results of annealing for 550 and 600 sec an-
nealing times with 5 sec RTA ramp time, to results for
550 sec annealing time that started after a 120 sec RTA
ramp time (similar to the glass-tube oven ). The sam-
ples of the latter batch had contact resistance values that
were twice as high. A second important difference with
our earlier work4 is that the glass-tube oven heats the
sample in a gas flow, while the RTA heats the sample by
radiation. This can influence the exact way the surface
metallization gets heated, and thereby have an influence
on the annealing mechanism. Finally, there is possibly
a role for having a suitable very clean N2 flow during
annealing, and a very clean sample surface before fabri-
cation is started (samples that appeared dirty upon in-
spection did not yield results with low contact-resistance
values).
We do not speculate which possible microscopic model
of the ohmic contact forming could be the most appro-
priate one. Our present work shows that it is certain
that the heterostructure right underneath the metalliza-
tion is completely degenerated, either homogeneously4 or
in contact spikes27,29. In the first case, the contact con-
ductivity should be proportional the the circumference
length which we cannot check due to the fixed dimen-
sions in this study. In the latter case of contact spikes
it depends on their spacing: If they are closely packed,
the circumference should again determine the conductiv-
ity. If they are more apart, the area could be the leading
term. The transmission-electron-microscope studies of
our earlier work4 did rule out a role for spike formation.
However, given the very different behavior of the anneal-
ing step we cannot conclude that this also holds for the
present study.
5. CONCLUSIONS
We developed a dedicated device to study and unravel
the various contributions to the resistance values of an
ohmic contact. We could show that the 2DEG resistance
under an ohmic contact gets lower upon annealing, and
that pressing a bonding wire onto an ohmic contact either
has little influence or only lowers it by a few Ω. How-
ever, we could not fully exploit the measurement pos-
sibilities of our device design because we obtained very
low contact-resistance values that showed no clear depen-
dence on annealing times when these were varied from 20
to 350 sec. Preliminary measurements show that these
results can be obtained with rapid heating (5 sec ramp
time) during annealing, and that slower ramp times cause
higher contact resistance values. A comparison with our
earlier work4 also suggests that heating by radiation gives
lower contact resistance values than heating samples in
a hot gas flow.
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